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Abstract
New theoretical and experimental information motivates a re-examination of the
Standard Model Higgs production rates at the LHC pp collider. We present
calculations of the relevant cross sections and branching ratios, including recently
calculated QCD next-to-leading order corrections, new parton distributions fitted
to recent HERA structure function data, and new values for electroweak input
parameters, in particular for the top quark mass. Cross sections are calculated
at two collider energies,
√
s = 10 TeV and 14 TeV.
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1 Introduction
The discovery of the Standard Model (SM) Higgs boson is one of the most important
physics goals of the Large Hadron Collider (LHC). An important prerequisite of LHC
Higgs phenomenology is a precise knowledge of the various production cross sections
and decay branching ratios. Detailed studies (see, for example, Refs. [1, 2]) have shown
that there is no single production mechanism or decay channel which dominates the
phenomenology over the whole of the relevant Higgs mass range, O(100 GeV) < MH <
O(1 TeV), rather there are several different scenarios depending on the value of MH .
The precision with which such calculations can be performed has improved signifi-
cantly over the years. In particular,
(i) next-to-leading order corrections are now known for most of the subprocess pro-
duction cross sections and partial decay widths;
(ii) knowledge of the parton distribution functions has improved as more precision
deep inelastic and other data have become available;
(iii) the range of possible input parameter values (in particular the top quark mass
mt) has decreased as a result of precision measurements from LEP, the Tevatron
pp¯ collider and other experiments.
As a consequence, many of the numerical results to be found in the literature are now
out-of-date. We are therefore motivated to update the calculations [3] of the relevant
cross sections and branching ratios to take into account the improvements discussed
above. The output of our analysis will be a set of benchmark results for cross sections
and event rates as a function of MH , for the two ‘standard’ LHC collision energies,√
s = 10 and 14 TeV. Note that we are not attempting to perform a detailed analysis
of signals, backgrounds and search strategies. In this respect, by far the most complete
studies to date can be found in the recent ATLAS [4] and CMS [5] Technical Proposals.
Even there, however, one finds slight inconsistencies in the way the cross sections and
branching ratios are calculated (leading versus next-to-leading order cross sections, out-
of-date parton distributions and parameter values, etc.). The present study will enable
the Higgs production cross sections, event rates and significance factors used in Refs. [4]
and [5] to be renormalised to the most up-to-date values.
Another important factor is the theoretical uncertainty of the predictions. In most
cases we can estimate these by varying appropriate input quantities like the parton
1
distributions, parameter values and renormalisation and factorisation scales. As a
result, we can identify those quantities where more theoretical work is needed to improve
the precision.
The paper is organised as follows. In the following Section we list and discuss the set
of QCD and electroweak input parameters for the calculations. In Section 3 we calculate
the complete set of branching ratios needed to predict event rates for specific channels.
Section 4 contains the main results of the paper: numerical cross section calculations
for a variety of Higgs production and decay processes. Finally, our conclusions and
outlook are presented in Section 5.
2 Electroweak and QCD input parameters
Most of the discrepancies in the literature concerning the values of Higgs cross sections
and branching ratios arises simply from different choices of the electroweak and QCD
input parameters. For reference, therefore, we list here the numerical values adopted
in this study:
MZ = 91.186 GeV, ΓZ = 2.495 GeV,
MW = 80.356 GeV, ΓW = 2.088 GeV,
GF = 1.16639× 10−5 GeV−2, αem ≡ αem(MZ) = 1/128.9. (1)
Although each of these parameters has a small measurement error, the effect of these
on the event rates computed below is negligible compared to other uncertainties. The
charged and neutral weak fermion–boson couplings are defined by
g2W =
e2
sin2 θW
= 4
√
2GFM
2
W , g
2
Z =
e2
sin2 θW cos2 θW
= 4
√
2GFM
2
Z . (2)
For the vector and axial couplings of the Z boson to fermions, we use the ‘effective
leptonic’ value
sin2eff(θW ) = 0.232. (3)
The QCD strong coupling enters explicitly in the production cross sections and in
the branching ratios, and implicitly in the parton distributions. Since most quantities
we calculate are known to next-to-leading order, unless otherwise stated we use αs
evaluated at two-loop order, with2 Λ
(4)
MS
= 230 MeV to match our default parton
2The values of Λ
(nf )
MS
for other nf ’s are calculated according to the prescription in Ref. [6].
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distribution set, and with a scale µ chosen appropriately for the process in question.
The choice of scale for production cross sections is discussed in Section 4 below, while
for the branching ratios we adopt the prescriptions of Refs. [7, 8, 9]. Our default
parton distributions are the MRS(A) set [10], which have been fitted to a wide range of
HERA and other deep inelastic scattering data. We also display results for the recent
MRS(R1,R2) parton sets [11]. They represent an update of the MRS(A) set and are
fitted to the latest HERA data. They also enable us to study the dependence of the
production cross sections on the value of αs in a consistent manner.
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For the fermion masses we take mµ = 0.105 GeV, mτ = 1.78 GeV, ms = 0.3 GeV,
mc = 1.4 GeV, mb = 4.25 GeV and mt = 175 GeV, with all decay widths equal to zero
except for Γt. We calculate this at tree-level within the SM, using the expressions given
in Ref. [12]. We study the variation of the production cross sections withmt in the range
165 < mt < 185 GeV, which subsumes the recent direct measurement (CDF and D0
combined) from the Tevatron pp¯ collider of mt = 175±6 GeV [13]. The first generation
of fermions and all neutrinos are taken to be massless, i.e. mu = md = me = mνe = 0
and mνµ = mντ = 0, with zero decay widths.
We assume that MH = 80 GeV is a conservative discovery mass limit for LEP2,
and therefore focus our attention on the mass range 80 GeV ≤ MH ≤ 1 TeV. The
discussion naturally falls into classes, depending on whether MH is less than or greater
than O(2MW )
4.
3 SM Higgs branching ratios
The branching ratios of the SM Higgs boson have been studied in many papers. A
useful compilation of the early works on this subject can be found in Ref. [1], where all
the most relevant formulae for on-shell decays are summarised. Higher-order corrections
to most of the decay processes have also been computed (for up-to-date reviews see
Refs. [14, 15] and references therein), as well as the rates for the off-shell decays H →
W ∗W ∗, Z∗Z∗ [16], H → Z∗γ [17] and H → t∗t¯∗ [18]. Threshold effects due to the
possible formation of tt¯ bound states in the one-loop induced process H → γγ have
also been studied [19].
3When we compare the cross sections obtained by using different sets of parton distributions, we
of course use the appropriate Λ
(nf )
MS
values.
4This defines the so-called ‘intermediate-mass’ and ‘heavy’ Higgs mass ranges, respectively.
3
In our calculations we include only the (large) QCD corrections to the SM Higgs
partial widths into heavy quark pairs [7] and into Zγ, γγ [8] and gg [9]5. Since the
QCD corrections to the top loops in Zγ, γγ and gg decays, as given in Ref. [8], are
valid only for MH ≪ 2mt, we have implemented these only far below the tt¯ threshold,
which is in fact the only region where these decay channels could be important6.
The bulk of the QCD corrections to H → qq¯ can be absorbed into a ‘running’ quark
mass mq(µ), evaluated at the energy scale µ = MH (for example). The importance of
this effect for the case q = b, with respect to intermediate-mass Higgs searches at the
LHC, has been discussed in Ref. [3]. There is, however, a slight subtlety concerning
tt¯ decays [21]. For H → qq¯ decays involving light quarks (q = s, c, b), the use of the
running quark mass mq(µ = MH) takes into account large logarithmic corrections at
higher orders in QCD perturbation theory [7], and so in principle one could imagine
using the same procedure for H → tt¯, at least in the limit MH ≫ mt. In practice,
however, we are interested only in the region MH/mt ∼ O(1). In the case of the
top quark loop mediated decay H → gg, it is well known that the higher-order QCD
corrections are minimised if the quark mass is defined at the pole of the propagator,
i.e. mt(µ = mt) [22]. To be consistent, therefore, we use the same top mass mt(µ =
mt) in the decay width for H → tt¯ (and H → Zγ, γγ as well). For the light quark
loop contributions to the H → gg(Zγ, γγ) decay widths we use pole(running) masses
(defined at the scale µ =MH) [22, 23].
Our results on the Higgs branching ratios are summarised in Figs. 1–3. Fig. 1
shows the branching ratios, for MH ≤ 200 GeV, for the channels: (a) bb¯, cc¯, τ+τ−,
µ+µ− and gg; and (b) WW , ZZ, γγ and Zγ. The patterns of the various curves are
not significantly different from those presented in Ref. [3]. The inclusion of the QCD
corrections in the quark-loop induced decays (which apart from small changes in the
parameter values is the only significant difference with respect to the calculation in [3])
turns out to give a variation of at most a few per cent for the decays H → γγ and
H → Zγ, while for H → gg differences are of order 50–60%. However this has little
phenomenological relevance, since this decay width makes a negligible contribution to
the total width, and is an unobservable channel in practice.
Note that for the below-threshold decays H → W ∗W ∗ and H → Z∗Z∗, we do
5The higher-order electroweak corrections and their interplay with the QCD corrections do not
significantly change the branching ratios which are phenomenologically relevant for Higgs searches at
the LHC.
6Numerical results valid for any value of the ratio τ = M2H/4m
2
t have recently been presented [20].
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not constrain one of the vector bosons to be on-shell when the decaying Higgs boson
mass exceeds the gauge boson rest mass. Instead we integrate numerically over the
virtualities of both decay products, see for example Ref. [21], thus avoiding errors in
the threshold region.
Fig. 2 shows the SM Higgs branching ratios for 200 GeV ≤ MH ≤ 1000 GeV. Apart
from our use of a different mt value, the curves show the same distinctive features as
those presented in Ref. [3]. The inclusion here of below-threshold H → t∗t¯∗ decays does
not give any observable effect, since this channel is heavily suppressed by the WW and
ZZ decays.
For completeness, we show in Fig. 3 the total SM Higgs decay width over the range
50 GeV ≤ MH ≤ 1000 GeV. For further comments on the implications of the various
SM Higgs branching ratios on the various search strategies, we refer the reader to
Ref. [3].
4 SM Higgs production cross sections and event
rates
There are only a few Higgs production mechanisms which lead to detectable cross
sections at the LHC. Each of them makes use of the preference of the SM Higgs to
couple to heavy particles: either massive vector bosons (W and Z) or massive quarks
(especially t-quarks). They are (see Fig. 4):
(a) gluon-gluon fusion [24],
(b) WW , ZZ fusion [25],
(c) associated production with W , Z bosons [26],
(d) associated production with tt¯ pairs [27].
A complete review on the early literature on pp collider SM Higgs boson phenomenol-
ogy, based on these production mechanisms, can be found in Ref. [1].
There are various uncertainties in the rates of the above processes, although none
is particularly large. The most significant are: (i) the lack of precise knowledge of
the gluon distribution at small x, which is important for the intermediate-mass Higgs,
and (ii) the effect of unknown higher-order perturbative QCD corrections. In what
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follows, we will attempt to quantify the former by using recent sets of different parton
distributions [10, 11, 28, 29, 30, 31] which give excellent fits to a wide range of deep
inelastic scattering data (including the new structure function data from the HERA ep
collider) and to data on other hard scattering processes. The latter will be estimated
by studying the dependence (at next-to-leading order) of the results on the values of
the renormalisation and factorisation scales.
The next-to-leading order QCD corrections are known for processes (a), (b) and
(c) and are included in our calculations. By far the most important of these are the
corrections to the gluon fusion process (a) which have been calculated in Ref. [32]. In
the limit where the Higgs mass is far below the 2mt threshold, these corrections are
calculable analytically [33, 34, 35]. In fact, it turns out that the analytic result is a
good approximation over the complete MH range, and so we will use it in our analysis
[36, 37]. In Ref. [37] the impact of the next-to-leading order QCD corrections for the
gluon fusion process on LHC cross sections was investigated, both for the SM and for
the MSSM. Where our calculations overlap, we find agreement with the results of
[37].
Overall, the next-to-leading order correction increases the leading-order result7 by
a factor of about 2, when the normalisation and factorisation scales are set equal to
our default choice µ = MH . This ‘K-factor’ can be traced to a large constant piece in
the next-to-leading correction [38],
K ≈ 1 + αs(µ =MH)
π
[
π2 +
11
2
]
. (4)
Such a large K-factor usually implies a non-negligible scale dependence of the theoret-
ical cross section. We will investigate this further below.
The next-to-leading order corrections to the V V fusion [39] and V H [40] production
cross sections (V = W,Z) are quite small, increasing the total cross sections by no
more than ≈ 10% (at large MH) and ≈ 20%, respectively. Note that for the former
we follow Ref. [39] and choose the factorisation scale to be µ2 = −q2V , where qµV is
the four-momentum of the virtual V = W,Z boson. For the latter we choose µ2 =
sˆpp ≈ (pV + pH)2 — the scale dependence here is in fact very weak. The corresponding
QCD corrections for the tt¯H mechanism have not yet been computed and so we use
7Unless otherwise stated, here and in what follows we use ‘leading-order’ to denote the cross section
calculated using the leading-order matrix element combined with next-to-leading order αs and parton
distributions.
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the leading-order matrix elements with µ2 = sˆpp. A recent review of the higher-order
corrections to Higgs cross sections can be found in Ref. [36].
Our results for the production cross sections are given in Figs. 5(a) and (b), for
LHC energies of 10 and 14 TeV respectively. These figures can be directly compared
to Fig. 6 of [3], where the cross sections were evaluated at 16 TeV. The pattern of the
various curves is largely unchanged, the main differences coming from the updated input
parameters and parton distributions. The gluon-gluon fusion mechanism is dominant
over all the Higgs mass range, followed by WW/ZZ fusion which becomes comparable
in magnitude to gluon-gluon fusion for very large Higgs masses. The cross sections of
the other production mechanisms (WH , ZH and tt¯H) are much smaller, by between
one (MH ∼ 50 GeV) and almost three (MH ∼ 1000 GeV) orders of magnitude.
The values of all the cross sections at
√
spp = 10 and 14 TeV have of course changed
with respect to their values at 16 TeV. The decrease in the cross sections between
16 TeV and 14 TeV is quite small, with a more substantial decrease between 14 TeV
and 10 TeV. We quantify this in Fig. 5(c), which shows the ratio of cross sections
σ(10 TeV)/σ(14 TeV). The effect is largely due to the decrease in the incoming parton
luminosities as higher values of momentum fraction x are probed as the overall collider
energy is smaller. The effect is therefore more marked for gluon-induced processes
(compare the reductions for gg → H and qq¯ → WH), and for processes with a higher
subprocess energy at the same Higgs mass (compare the reductions for gg → H and
gg → tt¯H). For reference, the numerical values of the cross sections displayed in
Figs. 5(a) and (b) are listed in Tables 1 and 2 respectively.
In early phenomenological studies, such as those of Refs. [1, 3], the uncertainty in the
mass of the (as yet undiscovered) top quark provided a significant additional theoretical
uncertainty in the gg → H and gg, qq¯ → tt¯H cross sections. However, this source of
uncertainty has largely disappeared: the most recent experimental measurement is
mt = 175± 6 GeV [13], and the corresponding uncertainty on the Higgs cross sections
is quite small. This is illustrated in Fig. 6, which shows the cross section ratios σ(mt =
165 GeV)/σ(mt = 175 GeV) and σ(mt = 185 GeV)/σ(mt = 175 GeV) for gg → H
and gg, qq¯ → tt¯H at √spp = 14 TeV. The curves have the same qualitative features
as those (for mt = 150, 175, 200 GeV) in Fig. 6 of Ref. [3], although the spread is of
course much smaller. A lighter top quark gives a bigger cross section for gg, qq¯→ tt¯H
over essentially all of the Higgs mass range and for gg → H for MH <∼ 400 GeV. A
heavier top enhances the gg → H cross section at large MH , where the increase of the
7
MH (GeV) σ(pp→ HX) (pb)
gg → H gg, qq¯→ tt¯H qq → qqH qq¯′ → WH qq¯ → ZH
50 88. 1.1 4.7 13. 6.1
100 27. 0.26 2.9 2.0 1.0
150 13. 8.2× 10−2 1.9 0.55 0.29
200 7.4 3.3× 10−2 1.3 0.20 0.11
250 5.0 1.6× 10−2 0.97 8.7× 10−2 4.7× 10−2
300 3.8 9.2× 10−3 0.71 4.3× 10−2 2.3× 10−2
350 3.7 5.9× 10−3 0.54 2.3× 10−2 1.3× 10−2
400 3.7 4.2× 10−3 0.42 1.3× 10−2 7.2× 10−3
450 2.7 3.0× 10−3 0.32 8.2× 10−3 4.3× 10−3
500 1.8 2.2× 10−3 0.26 5.2× 10−3 2.7× 10−3
550 1.2 1.7× 10−3 0.21 3.4× 10−3 1.8× 10−3
600 0.79 1.3× 10−3 0.17 2.3× 10−3 1.2× 10−3
650 0.53 1.0× 10−3 0.13 1.6× 10−3 8.1× 10−4
700 0.36 7.7× 10−4 0.11 1.1× 10−3 5.6× 10−4
750 0.25 6.1× 10−4 9.1× 10−2 7.9× 10−4 3.9× 10−4
800 0.17 4.7× 10−4 7.5× 10−2 5.7× 10−4 2.8× 10−4
850 0.12 3.6× 10−4 6.3× 10−2 4.2× 10−4 2.1× 10−4
900 8.5× 10−2 2.9× 10−4 5.2× 10−2 3.1× 10−4 1.5× 10−4
950 6.1× 10−2 2.3× 10−4 4.4× 10−2 2.3× 10−4 1.1× 10−4
1000 4.4× 10−2 1.9× 10−4 3.7× 10−2 1.8× 10−4 8.3× 10−5
Table 1: Higgs production cross sections for pp collisions at
√
spp = 10 TeV.
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MH (GeV) σ(pp→ HX) (pb)
gg → H gg, qq¯→ tt¯H qq → qqH qq¯′ → WH qq¯ → ZH
50 139. 2.6 7.8 19. 9.3
100 45. 0.60 5.1 3.1 1.6
150 23. 0.20 3.5 0.86 0.47
200 14. 8.2× 10−2 2.5 0.32 0.18
250 9.6 4.3× 10−2 1.8 0.14 8.0× 10−2
300 7.6 2.6× 10−2 1.4 7.4× 10−2 4.1× 10−2
350 7.5 1.8× 10−2 1.1 4.1× 10−2 2.2× 10−2
400 7.8 1.3× 10−2 0.87 2.4× 10−2 1.3× 10−2
450 5.8 1.0× 10−2 0.70 1.5× 10−2 8.2× 10−3
500 4.1 7.8× 10−3 0.57 9.9× 10−3 5.3× 10−3
550 2.8 6.3× 10−3 0.47 6.7× 10−3 3.6× 10−3
600 1.9 5.1× 10−3 0.39 4.7× 10−3 2.5× 10−3
650 1.3 4.0× 10−3 0.33 3.3× 10−3 1.8× 10−3
700 0.91 3.2× 10−3 0.27 2.4× 10−3 1.3× 10−3
750 0.64 2.6× 10−3 0.23 1.8× 10−3 9.2× 10−4
800 0.46 2.1× 10−3 0.20 1.3× 10−3 6.9× 10−4
850 0.33 1.7× 10−3 0.17 1.0× 10−3 5.2× 10−4
900 0.24 1.4× 10−3 0.15 7.8× 10−4 3.9× 10−4
950 0.18 1.2× 10−3 0.13 6.0× 10−4 3.0× 10−4
1000 0.13 9.6× 10−4 0.11 4.7× 10−4 2.3× 10−4
Table 2: Higgs production cross sections for pp collisions at
√
spp = 14 TeV.
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tt¯H coupling is the dominant factor. For very heavy Higgs bosons, the cross section
increases by about 30% as mt increases from 165 to 185 GeV. If we assume that by the
time the LHC comes into operation the top quark mass will be known with a precision
of ±5 GeV or better, then the residual uncertainty in the Higgs production cross section
will be less than ±O(10%).
Since a large part of the uncertainties on the Higgs cross sections at the LHC
stems from the small x behaviour of the gluon distributions8, Fig. 7 shows the total
rates for the gg → H process at √spp = 14 TeV for 11 different sets of parton distribu-
tions: MRS(A) [10], MRS(A′), MRS(G) [30], MRS(R1,R2) [11], CTEQ2M, CTEQ2MS,
CTEQ2MF, CTEQ2ML, CTEQ3M [28] and GRV94HO [29]. Evidently, a band of±20%
centred on the MRS(A) calculation covers the various cross section predictions. Fig. 8
shows the corresponding gluon distributions for the same parton sets used in Fig. 7,
in the x range spanned by intermediate- and heavy-mass Higgs production, and at the
characteristic factorisation scale Q = x
√
spp.
There are two main factors which influence the differences between the various
predictions shown in Fig. 7: the shape of the gluon distribution at medium and small
x, and the value of αs associated with each parton set. The majority of parton sets
in Fig. 7 use the traditional ‘DIS’ αs value, i.e. αs(MZ) ≃ 0.113. For such sets,
the differences in the cross sections come mainly from the shape of the starting gluon
distribution. Thus the sets MRS(A,A′) and CTEQ3M yield similar predictions, being
fitted to similar data sets under similar assumptions. The gluons of sets MRS(G) and
GRV94HO have significantly steeper gluons (see Fig. 8), and hence give larger Higgs
cross sections at small MH . In fact, both these gluons have recently been shown to be
in disagreement with the the latest HERA data [11]. Note also that the CTEQ2Mx
sets of partons give generally small Higgs cross sections due to smaller gluons at small
x. These too are disfavoured by the latest HERA data.
The most recent partons shown in Fig. 7 are the sets MRS(R1) amd MRS(R2). The
former are effectively the successors to the MRS(A,A′) partons, and give similar Higgs
cross sections. For MRS(R1), αs(MZ) = 0.113 which is slightly larger than the value for
MRS(A,A′). In addition, the starting gluon for MRS(R1)is also slightly larger than that
for MRS(A′) (see Fig. 5(a) of Ref. [11]). These two effects combine to give a MRS(R1)
Higgs cross section which is between 5% and 10% larger than that of MRS(A). More
interesting is the prediction for the MRS(R2) partons. For this set αs(MZ) = 0.120.
8For a simple fusion process like gg → H , the parton x value is typically x ∼MH/
√
spp.
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This larger value is more in line with the LEP e+e− →hadrons/jets determinations,
and also with the CDF and D0 large ET jet data (for a full discussion see Ref. [11]).
The effect on the Higgs cross section is very noticeable, see Fig. 7. The MRS(R2) cross
section is some 10−15% larger than that of MRS(R1), consistent with the difference
between the values of α2s corresponding to each set.
It should of course be remembered that by the time the LHC comes into operation,
the uncertainty on the gluon distribution at medium and small x may be expected
to be significantly smaller, principally due to improved measurements of the small-x
deep-inelastic structure functions at HERA, and of large pT jet and prompt photon
production at the Tevatron pp¯ collider (see for example Refs. [30, 11]). The apparent
‘disagreement’ between the DIS and LEP αs values will also presumably be resolved. At
the present time, we may say that the ±20% spread around the MRS(A) prediction in
Fig. 7 constitutes a conservative estimate of the uncertainty on the Higgs cross section
predictions due to parton distributions.9
As already mentioned, the dominant gg → H process has a large next-to-leading
order correction, which leads to a non-negligible scale dependence. Fig. 9 shows the
dependence at lowest and higher order of the Higgs production cross section in the
gluon-gluon channel on the (equal) renormalisation and factorisation scales µ, e.g., for
√
s = 14 TeV, MH = 100 GeV and mt = 175 GeV. To make a consistent analysis,
we have plotted the rates obtained by using, on the one hand (continuous line), NLO
amplitude formulae, NLO parton distributions (i.e. GRV94HO) and αs computed at
two loops and, on the other hand (dashed line), the LO matrix element, LO structure
functions (i.e. GRV94LO) and strong coupling constant evolved at one loop. We use
the GRV94 sets of parton distributions in order to allow for a more straightforward
comparison of our results with the corresponding ones given in Ref. [37], although one
should notice that in Ref. [37] the old GRV92 set [41] was used, so that this might be in
the end a source of small differences. As can be seen from the figure, the (unphysical)
variation of the cross section with the two scales is largely reduced at higher order,
as expected. If µ is varied (conservatively) between MH/4 and 4MH , the rates at
NLO decrease by a factor 1.54, whereas at LO the ratio is 1.93. Furthermore, we have
repeated the calculations presented in Ref. [37], using MH = 150 and 500 GeV (and
also, for consistency, mt = 174 GeV ). Our results exhibit the same pattern recognised
9The parton distribution uncertainty on the sub-dominant quark-induced Higgs cross sections, e.g.
qq → qqH , is of course much smaller, as the quark distributions are pinned down rather precisely by
DIS structure function data.
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there. That is, the improvement in scale stability gained at next-to-leading order is
more significant for large Higgs masses. However, we find that our NLO rates are
typically more sensitive to the value of µ than those given in Ref. [37] (although by
only a few percent, in general). We believe that this difference originates in our use
of the analytical formulae obtained in the heavy top approximation M2H/4m
2
t ≪ 1,
whereas in Ref. [37] the exact (numerical) results were presented. In fact, we know
that the scale dependence at NLO of approximated results is a delicate issue, since in
several instances these have been found to be more sensitive to the choice of µ that
those at LO (see, for example, Ref. [35])10. Note that lowering the collider energy
slightly enhances the µ-dependence of the cross sections. For example, at 10 TeV the
numbers corresponding to the two ratios mentioned above are 1.60 (NLO) and 2.08
(LO), respectively.
Next, we multiply the production cross sections by the branching ratios of Section 3
to obtain event rates for various channels. Considering all the possible combinations
of production mechanisms and decay channels [4, 5], the best chance of discovering
a SM Higgs at the LHC appears to be given by the following signatures: (i) gg →
H → γγ, (ii) qq¯′ → WH → ℓνℓγγ11 and (iii) gg → H → Z(∗)Z(∗) → ℓ+ℓ−ℓ′+ℓ′−, where
ℓ, ℓ′ = e or µ. Recently, the importance of several other modes has been emphasised.
By exploiting techniques of flavour identification of b-jets, thereby reducing the huge
QCD background from light-quark and gluon jets, the modes (iv) qq¯′ → WH → ℓνℓbb¯
and (v) gg, qq¯ → tt¯H → bb¯bb¯WW → bb¯bb¯ℓνℓX , can be used to search for the SM
Higgs [42, 43]. Another potentially important channel, particularly for the mass range
2MW
<
∼ MH
<
∼ 2MZ , is (vi) H → W (∗)W (∗) → ℓ+νℓℓ′−ν¯ℓ′ [44]. Here the lack of a
measurable narrow resonant peak is compensated by a relatively large branching ratio,
since for this mass range H →WW is the dominant decay mode.
In Figs. 10–14 we show the product of the cross sections and branching ratios for
the above channels, again at 10 and 14 TeV, for the Higgs mass ranges where they
give sizeable event rates (in Figs. 11(b) and 12(b) mt is set equal to 175 GeV). As
already noticed in Ref. [3], the combination of a rising H → γγ branching ratio with
a falling cross section yields, for cases (i) and (ii) above, a remarkably constant signal
for MH
<
∼ 140 GeV.
10Indeed we have been able to reproduce the trend of some of the results given in Ref. [35].
11In principle we should also include qq¯ → ZH → ℓ+ℓ−γγ, although a very high luminosity would
be needed to make this detectable.
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Finally, we should also mention the channel: (vii) H → ZZ → ℓℓ¯νν¯, with ℓ = e, µ
and e, µ, τ -neutrinos, since it may offer additional chances for Higgs detection in the
very heavy mass range [4, 5].12 The corresponding event rates can be obtained simply
by multiplying the numbers of Fig. 13a–b by six.
5 Conclusions
In this paper we have computed all the decay modes and the most important production
mechanisms of the SM Higgs at the LHC, by using the most recent sets of parton
distributions and by including in our computations all the available next-to-leading
order corrections. Cross sections have been presented for two values of the LHC collider
energy,
√
spp = 10 and 14 TeV. As the most promising signatures which should allow
for Higgs detection at the LHC are
• gg → H → γγ,
• qq¯′ → WH → ℓνℓγγ and gg, qq¯→ tt¯H → ℓνℓγγX ,
• qq¯′ → WH → ℓνℓbb¯ and gg, qq¯→ tt¯H → bb¯bb¯WW → bb¯bb¯ℓνℓX ,
• gg → H → Z(∗)Z(∗) → ℓ+ℓ−ℓ′+ℓ′−, where ℓ, ℓ′ = e or µ,
• gg → H →W (∗)W (∗) → ℓ+νℓℓ′−ν¯ℓ′ , where ℓ, ℓ′ = e or µ,13
• gg → H → ZZ → ℓ+ℓ−νℓ′ ν¯ℓ′ , where ℓ = e or µ and ℓ′ = e, µ or τ ,
we have presented updated numbers for the corresponding event rates. The theoretical
uncertainty of the results, which mainly arises from
• the lack of precise knowledge of the gluon distribution at small x (which is par-
ticularly important for the intermediate mass Higgs case, the most difficult to
recognise at the LHC),
• the uncertainty in the value of αs(MZ),
12When the Higgs resonance becomes very broad, for large M(H), the pT (Z → ℓℓ¯) spectrum may
give a cleaner signal.
13In the analysis of Ref. [44] the additional decay channelsW → τν → (e, µ)+ν’s were also included,
yielding a slightly larger signal event rate.
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• the effect of unknown higher-order perturbative QCD corrections as well as the
scale dependence of those already computed,
has been investigated and estimated, by adopting different sets of recent NLO parton
distributions and comparing their results, and by studying the (renormalisation and fac-
torisation) scale dependence, at NLO, of the most important Higgs production channel
(via gluon-gluon fusion) at the LHC. We estimate the current theoretical errors to be
≈ ±20% (for the uncertainty due to parton distributions and αs) and ≈ ±30% (for
the error due to the scale dependence, see also Ref. [37]), the latter for the gluon-gluon
fusion process.
In summary, the values presented here for branching ratios, cross sections and event
rates correspond to the state-of-the-art in our current knowledge of the input quantities
and higher-order corrections, and should be a useful reference for the normalisations
used in the various experimental simulations.
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Figure captions
[1] Branching ratios of the SM Higgs boson in the mass range 50 GeV < MH < 200
GeV, for the decay modes: a) bb¯, cc¯, τ+τ−, µ+µ− and gg; b) WW , ZZ, γγ and
Zγ.
[2] Branching ratios of the SM Higgs boson in the mass range 200 GeV < MH <
1 TeV, for the decay modes: WW , ZZ and tt¯ (mt = 175 GeV).
[3] Total width of the SM Higgs as a function of the mass in the range 50 GeV
< MH < 1 TeV (mt = 175 GeV).
[4] Representative Feynman diagrams describing the main mechanisms of Higgs pro-
duction at the LHC: (a) gluon-gluon fusion; (b)WW - or ZZ-fusion; (c) associated
production with W or Z; and (d) associated production with top quark pairs.
[5] Total cross sections for H production at the LHC as a function of the Higgs
mass MH , as given by the four production mechanisms illustrated in Fig. 4, at√
spp = 10 TeV (a) and
√
spp = 14 TeV (b), and their ratios σ(10 TeV)/σ(14 TeV)
(c). Here, mt = 175 GeV.
[6] The ratios Rt of the total cross sections forH production, via gg → H (continuous
curves) and gg, qq¯ → tt¯H (dashed curves), as a function of the Higgs mass MH ,
at
√
spp = 10 and 14 TeV, for mt = 165 and 175 GeV, and for mt = 185 and
175 GeV.
[7] Ratios (with respect to MRS(A)) of SM Higgs production cross sections from
gluon-gluon fusion calculated using eleven different sets of parton distributions:
MRS(A, A′, G, R1, R2), CTEQ(2M, 2MS, 2MF, 2ML, 3M) and GRVHO94. Note
that mt = 175 GeV.
[8] Behaviour of the gluon distributions xg(x,Q2) of the various parton sets used in
Fig. 7 as a function of x, with Q2 = x2spp and
√
spp = 14 TeV. The ordering of
the labels in the legend corresponds to increasing values of xg at the minimum
value of x.
[9] Higgs production cross section for
√
s = 14 TeV, MH = 100 GeV from the gluon-
gluon fusion process, as a function of the (equal) renormalisation and factorisation
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scales µ, at LO and NLO order. The GRV94 sets have been used here. Note that
mt = 175 GeV.
[10] Total cross sections for SM Higgs production times the branching ratio for the
decay mode H → γγ, as a function of the Higgs mass MH in the low mass range,
at
√
spp = 10 TeV and
√
spp = 14 TeV.
[11] Total cross sections for WH (continuous curves) and ZH production (dashed
curves) (a) and for tt¯H (continuous curves) (b) times the branching ratios of the
decay modes H → γγ, W → ℓνℓ, Z → ℓ+ℓ− and tt¯ → ℓνℓX (ℓ = e, µ), as a
function of the Higgs mass MH in the low mass range, at
√
spp = 10 TeV and√
spp = 14 TeV. Note that mt = 175 GeV.
[12] Total cross sections for WH and ZH production (a) and for tt¯H (b) times the
branching ratios of the decay modes H → bb¯, W → ℓνℓ, Z → ℓ+ℓ− and tt¯→ ℓνℓX
(ℓ = e, µ), as a function of the Higgs massMH in the low mass range, at
√
spp = 10
TeV and
√
spp = 14 TeV. Note that mt = 175 GeV.
[13] Total cross sections for SM Higgs production times the branching ratio for the
decay mode H → Z(∗)Z(∗) → ℓ+ℓ−ℓ+ℓ− (ℓ = e, µ), as a function of the Higgs mass
in the ranges (a) 50 GeV ≤MH ≤ 300 GeV and (b) 100 GeV ≤MH ≤ 1 TeV, at√
spp = 10 TeV and
√
spp = 14 TeV. Note that mt = 175 GeV.
[14] Total cross sections for SM Higgs production times the branching ratio for the
decay mode H →W (∗)W (∗) → ℓ+νℓℓ′−ν¯ℓ′ (ℓ, ℓ′ = e, µ), as a function of the Higgs
mass in the range 0 ≤ MH ≤ 300 GeV, at
√
spp = 10 TeV and
√
spp = 14 TeV.
Note that mt = 175 GeV.
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